Abstract. We performed dc magnetization measurements under the control of cooling-rate in the organic superconductors κ-(BEDT-TTF) 2 X (X=Cu(NCS) 2 and Cu[N(CN) 2 ]Br). A distinct different cooling-rate dependence of the in-plane magnetic penetration depth (λ // (0)) was observed between two salts, where λ // (0) was estimated from a linear extrapolation to 0 K. In the Cu(NCS) 2 salt, λ // (0) remains unchanged regardless of cooling-rate, while T c decreases slightly in fastercooling. On the other hand, λ // (0) in the Cu[N(CN) 2 ]Br salt becomes long significantly in fastercooling. We quantitatively explain the change of λ // (0) in the cooling-rate as an impurity effect by terminal ethylene disorder in BEDT-TTF molecules in terms of the local and clean limit approximation.
INTRODUCTION
The organic superconductors κ-(BEDT-TTF) 2 X (X=Cu(NCS) 2 and Cu[N(CN) 2 ]Br) are characterized by highly anisotropic properties due to the layered structure. In these salts, the superconducting state can be described in terms of the local and clean limit [1] : λ // >> l // >> ξ // , where the in-plane penetration depth λ // =0.5-2 µm, the in-plane mean free path l // =15-57 nm, and the in-plane coherence length ξ // =2.5-7 nm. In the present compounds, an internal degree of freedom in the donor molecule can give a positional disorder; such conformational disorders (ethylene-disorders) are introduced into the system by faster-cooling. In the Cu[N(CN) 2 ]Br, several investigations related to the impurity effect by the ethylene-disorders have been reported. For example, the residual resistivity increases by cooling faster [2] . This implies that the ethylene-disorders play an important role on the electron (quasiparticle)-scattering as an impurity origin. The magnetic penetration depth is one of the most fundamental parameters of superconductivity. On the basis of the local-clean limit approximation (London model), the in-plane penetration depth at 0 K is described as
, where λ L (0) is the London penetration depth for a pure sample and ξ 0 is the coherence length. In this paper, we quantitatively explain the change of λ // (0) in cooling-rate as an impurity effect by the disorders in terms of the London model.
EXPERIMENTAL RESULTS AND DISCUSSION
Single crystals were grown by a standard electrocrystallization method. Initially all samples were cooled with a rate of 100 K/min from room temperature to 15 K (quenched state). After warmed up to 100 K, two cooling procedures were carried out with 5 K/min (rapid-cooled) and 0.2 K/min (slowcooled). In each cooling state, dc magnetization (M) measurements were performed using a SQUID
depth, we adopted the London model as follows; in the magnetic-field regime (H c1 <<) H irr < H << H c2 , M is expressed as -4πM=(αφ 0 /8πλ // 2 )ln(H c2 /βH), where φ 0 is the flux quantum, α a correction factor for the vortex core contribution [3] , and β a constant of order unity. Thus, from the slope of the M vs lnH plot in the reversible magnetization region, λ // can be obtained. This method gives a reliable estimate of the penetration depth, because a homogeneous magnetic-field penetration appears around vortices free from pinning.
In both salts, T c decreases with increasing cooling-rate: T c = 9.2 K (slow-cooled) and 8.9 K (quenched) for the Cu(NCS) 2 salt, 11.7 K (slow-cooled), 11.4 K (rapid-cooled), and 10.9 K (quenched) for the Cu[N(CN) 2 ]Br salt. The in-plane penetration depth evaluated from the magnetization measurements is shown in Fig. 1 . We estimate λ // (0) as a linear extrapolated value toward T = 0 K: 430±20 nm for the Cu(NCS) 2 salt (slow-cooled and quenched), and for the Cu[N(CN) 2 ]Br salt, 570±30 nm (slow-cooled), 590±30 nm (rapid-cooled), and 690±50 nm (quenched). In the former salt, λ // (0) is unchanged by quenching within the accuracy of the measurement, while T c significantly decreases. This is certainly reasonable as a much more cleaner system (l~180 nm evaluated from the Dingle temperature ~0.3 K [4] ) than the latter salt as mentioned below. Contrary, in the Cu[N(CN) 2 ]Br salt, a significant increase of λ // (0) is observed with increasing cooling-rate. This increased λ // (0) in the quenched state by about 20% is comparable with an estimate from the local-clean model described above, using l = 38 nm (slow-cooled) and 12-19 nm (quenched) extracted from the literature [5] and ξ 0 =7.2 nm (slow-cooled) and 7.9 nm (quenched) calculated from 
